Diabetes mellitus is a chronic disorder of carbohydrate, protein, fat and mineral metabolism. The antidiabetic potential of aqueous extracts flower and root of Aerva lanata was evaluated in alloxan induced diabetic rats. Alloxan (150 mg/kg bw) induced diabetic rats showed a hyperglycemic state that led to various biochemical and metabolic alterations. The aqueous extract of flower and root of A. lanata (200 mg/kg bw) was administrated orally to diabetic rats for 45 days. In this study, the levels of fasting blood glucose, glycated hemoglobin (HbA1C), C-reactive protein (CRP), total cholesterol, triglycerides (TG), low density lipoprotein (LDL), very low density lipoprotein (VLDL), urea, and creatinine were significantly increased in diabetic rats. Body weight, hemoglobin, insulin, C-peptide and protein levels in blood were significantly decreased in alloxan induced diabetic rats. After the administration of extracts of flower and root of A. lanata to diabetic rats showed significantly restore the levels as normal rats. The antidiabetic effect of A. lanata was compared with strandard drug glibenclamide (1 mg/kg bw) treated rats. From this study, we concluded that the aqueous extract of A. lanata root have more antidiabetic effect when compared with flower extract. Therefore, the flower and root of A. lanata may be used as the alternative medicine for the treatment of diabetes mellitus.
INTRODUCTION
Plants have been the major source of drugs in Indian and other ancient systems of medicine in the world. In the last few years there has been an exponential growth in the field of herbal medicine and these drugs are gaining popularity in both developing and developed countries because of their natural origin and less side effects. Many traditional medicines are derived from medicinal plants, minerals and organic matter [1] . A number of medicinal plants, traditionally used for over 1000 years named rasayana are present in herbal preparations of Indian traditional health care systems [2] . In Indian systems of medicine most practitioners formulate and dispense their own recipes. The World Health Organization (WHO) has listed 21,000 plants, which are used for medicinal purposes around the world. India is the largest producer of medicinal herbs and is . called as botanical garden of the world [3] . Currently, many research work focuses on herbal drug preparations and plants used in the treatment of diabetes mellitus is a major crippling disease in the world. The global prevalence of diabetes is estimated to increase from 4% in 1995 to 5.4% by the year 2025. Studies were conducted in India in the last decade have highlighted that not only is the prevalence of diabetes is high but also that it is increasing rapidly in the urban population [4] . It is estimated that there are approximately 33 million adults with diabetes in India. This number is likely increase to 57.2 million by the year 2025. Diabetes mellitus is a group of metabolic alterations characterized by hyperglycemia resulting from defects in insulin secretion or action. It is made up of two types such as Type I and Type II. Type I diabetes often referred to as juvenile diabetes, is insulin dependent and known to affect only 5% of the diabetic populations. Type II diabetes is non-insulin dependent, usually develops in adults over the age of 40. It has already been established that chronic hyperglycemia of diabetes is associated with long term damage, dysfunction and failure of organs, especially the eyes (retinopathy), kidneys (nephropathy), nerves (neuropathy), heart (coronary heart disease) and blood vessels (peripheral vascular diseases) [5] .
It has an adverse effect on carbohydrate, lipid and protein metabolism resulting chronic hyperglycemia and abnormality of lipid profile, which leads to series of secondary complications including polyuria, polyphasia, ketosis, glycoma and vascular diseases. In spite of the introduction and extensive utilization of hypoglycemic agents, diabetes and the related complications continue to be a major health problem worldwide, which is affecting nearly 10% of the population all over the world [7] and considered as a major cause of high economic loss which can in turn impede the development of nations [8] . It is projected to become one of the world's main disablers and killers within the next 25 years. Environmental factors such as diet, obesity and sedentary life style increase the risk of diabetes. Other important risk factors include high family aggregation, insulin resistance, nutritional status, age and lifestyle change due to urbanization [9] . The management of diabetes is a global problem until now and successful treatment is not yet discovered [10] . Currently available therapy for diabetes includes insulin and various oral hypoglycemic agents such as sulfonylureas, metformin, glucosidase inhibitors, troglitazone, etc. But these are reported to produce serious adverse side effects such as liver problems, lactic acidosis and diarrhea [11] . About 800 plant species have been reported to possess antidiabetic properties. Aerva lanata (Linn.) is an important medicinal plant of Amranthaceae family and known as polpala is a prostrate to decumbent sometime erect herb, found throughout tropical India as a common weed in field and wasteland [12] . The plant is used for curing diabetes, anthelmintic, demulcent and it is helpful in lithiasis, cough, sore throat and wound healing. The plant has been used as diuretic, anti-diabetic, expectorant and hepato-protective in traditional system of medicine [13] . The plant also possesses antimicrobial and cytotoxicity activity [14] , diuretic [15] , urolithiasis [16] and antiinflammatory [17] activities. It has been reported that Canthin-6-one and β-carboline alkaloids were isolated from leaves of A. lanata [18] . The plant has been reported to possess antiinflammatory, diuretic and nephroprotective actions and alcoholic extract of shoots of A. lanata has also shown significant antidiabetic activity. A number of Indian medicinal plants have been used for their antidiabetic activity in the traditional system of medicine, but not all of them have been reported on scientifically [19] . There is no detailed study on antidiabetic activity of leaf, flower and root of A. lanata. So the present study was aimed to determine the antidiabetic effect of aqueous extracts of flower and root of A. lanata on alloxan induced diabetic rats.
MATERIALS AND METHODS

Collection and preparation of plant material
The medicinal plant Aerva lanata was collected from in and around Mayiladuthurai at Nagapattinum District, Tamilnadu, India. The plant was identified and authenticated by Dr. S. John Britto, Director, Rapinat Herbarium and Centre for Molecular Systematics, Department of Botany, St. Joseph's College, Tiruchirappalli, Tamilnadu, India. The leaf, flower and root of A. lanata were separated and washed thoroughly in running tap water to remove soil particles and adhered debris and then finally washed with sterile distilled water. The leaf, flower and root of A. lanata were dried under shade separately and ground well into powder. The powdered materials were stored in air tight containers till the time of use.
Preparation of aqueous extracts
30 g powder of leaf, flower and root were soaked separately in distilled water for 12 to 16 hours and boiled and then it was filtered through muslin cloth and then Whatmann no. 1 filter paper. The aqueous extracts were concentrated and made the final volume to one-fifth of the original volume [20] . The paste form of extracts was stored in air tight container at 4ºC until the time of use.
Acute oral toxicity study
Acute oral toxicity study was conducted as per the OECD Guidelines 423 (acute class toxic class method) [21] . The female wistar albino rats weight about 140-160 g (6-8 weeks) were selected and divided into 4 groups with 6 rats in each group. Animals were fasted overnight, but allowed water ad libitum. Group 1 being the control group and received only distilled water and the groups 2, 3 and 4 were the test group and received aqueous extracts of leaf, flower and root of A. lanata at the dose of 2000mg/kg, p.o. Since the formulation is relatively non toxic in clinical practice the highest dose of 2000 mg/kg, p.o (as per OECD guidelines "unclassified'') was used in the acute toxicity study. All the animals were observed at the time interval of 1, 2, 4, 6 and 24 hrs from 2-14th day, then sacrificed 15th day for gross pathological examination of different organs including heart, lungs, liver, kidneys, sex organs and brain. The animals were observed closely for behavioral toxicity. There is no toxicity was observed in behavior and differentiation in organs.
Oral glucose tolerance test
Oral glucose tolerance test was performed by the method of Du and Karr [22] . The overnight fasted rats were divided into 5 groups of six rats each, pretreatment fasting blood glucose levels of each group were evaluated. Group 1 served as a control, the doses of 100, 200 and 300 mg/kg bw of aqueous leaf, flower and root extracts of A. lanata were given orally to the groups 2, 3 and 4 respectively. Blood glucose level of each group was evaluated after 1 hour of the treatment and considered as 0 h value. 2 g/kg bw of glucose solution was given to all the groups and their blood samples were withdrawn from retro-orbital site at intervals of 1, 2 and 3 h of glucose administration.
Experimental animals
Albino wistar rats weight ranges between 150-200 g of both sexes were used in this study. They were housed in polypropylene cages under standard laboratory conditions (12-h light/ 12-h dark cycle, 21 ± 2 ºC, and relative humidity 55 %). The animals were given standard rodent pellets and water ad libitum.
The rats were acclimatized to laboratory condition for 7 days before commencement of experiment. Ethical clearance for handling animals for this study was obtained from Institutional Animal Ethical Committee (IAEC) of SASTRA University, Thanjavur, Tamilnadu, India. The experiments were conducted as per the guidelines of CPCSEA, Chennai, India. (Approval no: 211/ SASTRA /IAEC/RPP) .
Induction of diabetes mellitus
Diabetes was induced by intraperitoneal injection of alloxan at the dose of 150 mg/kg bw. The alloxan was dissolved in distilled water, and then used to induce diabetes mellitus in rats. Fasting blood glucose of the animals was measured after 14 days of alloxan injection using glucometer. Rats with fasting blood glucose above 200 mg/dl were considered as diabetic rats and used for further study.
Drug administration
After 14 days of alloxan induction, the aqueous extract of flower and root of A. lanata were administered orally through intragastric tube at the dose of 200 mg / kg body weight. Group I: Normal control -received only distilled water during the experimental period. Group II: Diabetic control Group III: Diabetic rats were daily treated with A. lanata flower extract (200 mg /kg body weight) dissolved in distilled water by orally through intragastric tube for 45 days. Group IV: Diabetic rats were daily treated with A. lanata root extract (200 mg/kg body weight) dissolved in distilled water by orally through intragastric tube for 45 days. Group V: Diabetic rats were daily treated with standard drug glibenclamide (1 mg /kg body weight) dissolved in distilled water by orally through intragastric tube for 45 days.
Collection of blood sample
After the experimental period, the animals were kept fasted overnight and sacrificed by cervical dislocation under mild anesthesia. Blood was collected on decapitation and plasma and serum were separated by centrifugation at 2500 rpm for 15 min. The collected plasma and serum samples were used for various biochemical estimations.
Biochemical studies
Blood glucose was estimated by the method of Folins Wu [23] . Total hemoglobin and glycated hemoglobin were estimated by the methods of Drabkin and Austin [24] and Sudhakar Nayak and Pattabiraman [25] respectively. Plasma insulin was analyzed by the method of radio immunoassay [Diasorin, Italy] . Plasma C-peptide was estimated by the method of radioimmunoassay kit -[Missouri, USA]. C-reactive protein was determined by the method of Singer [26] . The protein content was estimated by the method of Lowry et al. [27] . Serum cholesterol was determined by Zak's method [28] , triglyceride was estimated by the method of Foster et al. [29] and HDL cholesterol was determined by the method of Friedewald et al. [30] . Urea and creatinine were estimated by DAM and Jaffe's methods, respectively [31, 32] .
Statistical analysis
The results of the present study were subjected to statistical analysis and all the results were expressed as means ± SE. The statistical significance was evaluated by one way analysis of variance (ANOVA) using SPSS (statistical package for social sciences) Ver. 11 and the individual comparison were obtained by Duncan's Multiple Range Test (DMRT). The values were considered statistically significant at 5% level (p≤0.05). Values with identical letter are not significant different according to DMRT at 5% level.
RESULTS
Acute oral toxicity
Aqueous extracts of leaf, flower and root of A. lanata administered rats showed no mortality or behavior changes at the single dosage of 2000 mg/kg bw during 14 days of study. Hence there is no lethal and toxic effect was observed on plant extracts treated rats.
Oral glucose tolerance test
The oral glucose tolerance test was evaluated in normal rats by treated with different concentrations (100 mg, 200 mg and 300 mg/kg bw) of leaf, flower and root extracts of A. lanata. The blood glucose level was estimated at 0, 1, 2 and 3 hours. The plant extracts treated rats suppress the increases of blood glucose levels. The highest inhibition of glucose absorption in blood was observed in root (62.66±1.18 mg/dL) and flower (70.66±0.98 mg/dL) extracts of A. lanata treated groups at the concentration of 200mg/kg b.w. when compared to leaf and standard drug glibenclamide (Table 1) . Table 2 showed that the decreased body weight in alloxan induced diabetic rats. After administration of flower and root extracts of A. lanata to diabetic rats showed significantly increased body weight when compared with diabetic control rats. Table 3 showed that the levels of blood glucose, hemoglobin (Hb) and glycated hemoglobin (HbA1c) in normal control and experimental animals. There were observed significantly increased level of blood glucose and glycated hemoglobin in alloxan induced diabetic rats. The administration of aqueous extracts of flower and root of A. lanata and glibenclamide to diabetic rats showed decreased level of glucose and glycated hemoglobin and increased levels of hemoglobin. The root and flower extracts treated diabetic rats were showed decreased levels of blood glucose and glycated hemoglobin. Figure 1 showed that the decreased levels of plasma insulin, C-peptide and protein in alloxan induced diabetic rats. In contrast serum C-reactive protein was remarkably elevated in diabetic rats when compared to normal rats. The oral administration of the aqueous extracts of flower and root of A. lanata and glibenclamide tends to bring these values back to near normal as like as normal control rats. Figure 2 showed the levels of total cholesterol (TC), triglyceride (TG), LDL-cholesterol and VLDL-cholesterol which they were found to be increased significantly in alloxan induced diabetic rats (group II) when compared to normal rats (group I). HDL-cholesterol was found to be significantly decreased in diabetic rats (group II). Oral administration of aqueous extracts of flower and root of A. lanata produced a significant reduction in elevated levels of total cholesterol, TG, LDL-cholesterol and VLDL-cholesterol and also observed an increase in HDLcholesterol. Antihyperlipidemic effect was observed in both root and flower extracts of A. lanata treated diabetic rats and it is more or less similar to the standard drug glibenclamide treated rats.
Alloxan causes damages to liver, kidney and pancreas as well as the hyperglycemia related changes which may persist in the tissues. Figure 3 showed that the significantly increased levels of urea and creatinine in diabetic rats when compared with normal control rats. After 45 days of oral administration of flower and root extracts of A. lanata to diabetic rats showed significantly decreased levels of urea and creatinine, which was as like as glibenclamide treated rats. 
DISCUSSION
Diabetes mellitus is a life threading metabolic diseases and it is estimated that its annual incidence rate will continue to increase in the future worldwide. Hyperglycemia is the primary clinical manifestation of micro and macro vascular diabetic complications. Alloxan is a beta cytotoxin, and islets of langerhans of pancreatic beta cells are destroyed and decreased the production of endogenenous insulin secretion and for the reduced utilization of glucose by tissue [33] . In recent years, herbal medicines have started to gain importance as a source of hypoglycemic agents. Marles and Farnsworth estimated that more than 1000 plant species are being used as folk medicine for diabetes [34] . Biological actions of the plant products used as alternative medicines to treat diabetes are related to their chemical composition. Herbal products are flavonoids, terpenoids, phenolic compounds, coumarins, and other constituents which showed reduction in blood glucose levels [35] [36] [37] [38] . Several species of medicinal plant possess antidiabetic activity have been described in the scientific and popular literature [39] . Herbal medicines are prescribed due to effectiveness, fewer side effects in clinical experience and relatively low costs [40] . Muscle wasting is an unintentional loss of body weight due to accelerated muscle proteolysis, resulting in loss of body cell mass. Insulin is an important regulating hormone for protein synthesis and proteolysis in skeletal muscle. Insulin resistance or deficiency produces impaired muscle protein turnover and muscle wasting. The uncontrolled diabetes is associated with severe loss of muscle wasting [41] . In the present study, we observed that the significant loss of weight in diabetic rats when compared with normal rats. Granner [42] reported the loss of weight is due to muscle wasting and adipose tissue from excessive breakdown of tissue protein and fatty acids. Dehydration and loss of body weight have been associated with diabetes mellitus [43] . Administration of A. lanata plant extracts showed increases of body weight and it may be due to prevent the loss of muscle and adipose tissue protein and fatty acids degradation [44] . Oral administration of aqueous extract of flower and root of A. lanata to diabetic rats showed decreased level of blood glucose. The root extract was highly decreased blood glucose when compared to flower extract of A. lanata. The possible mechanism by which A. lanata mediated its antidiabetic effect could be by improvement of pancreatic secretion of insulin from existing beta cells of islets or regenerated beta cells. The hypoglycemic effect of flower and root extract of A. lanata was similar with glibenclamide is a standard hypoglycemic drug. Similarly, a number of other plants have also been reported to elicit their antihyperglycemic effects by a stimulatory effect on insulin release [45] . The mechanism of action of hypoglycemic activity of the medicinal plant extract was not studied, however it has been already reported that this hypoglycemic action might be due to modulation of insulin secretion and /or insulin action or could be related to the interference on absorption of dietary carbohydrates as well as disaccarides in small intestine leads to the suppression of meal induced increase of plasma glucose [46] . The glycated hemoglobin was increased in diabetes patients with and without complications. A significant increase in the level of glycated hemoglobin was reported in alloxan induced diabetes. The rate of formation of glycated hemoglobin is directly proportional to the concentration of blood glucose. After 45 days treatment of A. lanata extracts significantly reduced glycated hemoglobin and concomitant increase in the level of total hemoglobin in the alloxan induced diabetic rats treated with flower and root of A. lanata as like as glibenclamide treated rats. The estimation of glycated hemoglobin is a well accepted parameter useful in the management and prognosis of the diabetes. The researchers observed increase in the levels of glycated hemoglobin (HbA1c) in diabetic rats is due to the presence of excessive amount of glucose in blood and then react with hemoglobin to form glycated hemoglobin [47, 48] . Bunn et al. [49] reported the mechanism by which increased oxidative stress is involved in the diabetes complications are partially known to include the activation of transcription factors, advanced glycated end products (AGEs) and protein kinase C. Glycated hemoglobin has been found to be increased over a long period of time in diabetic mellitus. C-reactive protein is not normally found in the blood of healthy people. It appears after an injury, infection, or inflammation and disappear when the injury heals or the inflammation. The report suggests that patients with prolong elevated levels of C-reactive protein are at an increased risk for heart disease, stroke, hypertension (high blood pressure), diabetes, and metabolic syndrome (insulin resistance, a precursor of type 2 diabetes) [50] . The researchers reported that patients with elevated basal levels of C-reactive protein are at an increased risk of diabetes [51, 52] . Higher levels of C-reactive protein predict cardiovascular events indicating a possible role for inflammation in the etiology of cardiovascular disease [53] . Mana et al. [54] reported that the hypoglycemic effect of methanol and aqueous extract of aerial part of A. lanata may be due to its protective action against alloxan induced damage to the pancreatic beta cells and also possibly because of regeneration of damaged beta cells or increased insulin secretion. Patients with diabetes may have their C-peptide levels measured as a means of distinguishing type I diabetes from type II diabetes or Maturity onset diabetes of the young (MODY) [55] . Measurment of C-peptide can help to determine amount of production of natural insulin, because the Cpeptide is secreted in equimolar amounts to insulin. C-peptide levels are measured instead of insulin levels because C-peptide can assess a person's own insulin secretion even if they receive insulin injections and because the liver metabolizes a large and variable amount of insulin secreted into the portal vein but does not metabolise C-peptide. So the C-peptide may be a better measure of portal insulin secretion than insulin itself [56, 57] . A very low level of C-peptide confirms Type I diabetes and insulin dependence and is associated with high glucose variability, hypoglycaemia and increased complications. The test may be less helpful close to diagnosis, particularly where a patient is overweight and insulin resistant, as levels close to diagnosis in Type I diabetes may be high and overlap with those seen in type II diabetes [58] . In the present study, serum C-peptide and insulin was profoundly decreased and elevated level of C-reactive protein was observed in diabetic rats. After 45 days treatment of flower and root extract of A. lanata increased the amount of insulin and C-peptide and decrease C -reactive protein levels in alloxan induced diabetic rats, when compared with diabetic untreated rats. Kamalakkannan and Prince [59] suggested that the increase in serum C-peptide levels concomitant with the increase of serum insulin levels in diabetic rats. An increase in both body protein synthesis and break down process occurs in poorly controlled type I diabetic mellitus. The increase in protein breakdown is greater than the increase in protein synthesis resulting in a net protein loss [60] . Glucagon, the hormone determined to be largely responsible for the increased energy expenditure during insulin deprivation in type I diabetic individuals, increases leucine and phenylalanine oxidation and protein breakdown [61] [62] [63] .
Insulin deficiency leads to various metabolic aberrations in the animals such as decreased protein content. Insulin deficiency causes excessive catabolism of protein and the amino acids released are used for gluconeogenesis [64] . Tissue protein levels depend on the balance between their synthesis and catabolism from the body. Generally, alloxan diabetogenesis was observed to suppress kidney enzyme and protein expression in the kidney. The significant decrease in kidney protein concentration of diabetic rats when compared to the non-diabetic rats could indicate that alloxan diabetogenesis may have suppressed that rat's kidney protein reserve [65] . The decrease in total protein may be due to microproteinuria, which are important clinical markers of diabetic nephropathy [66] and or may be due to increased protein catabolism [67] . Such improvement of serum protein and albumin was previously observed after the oral administration of A. lanata to experimental diabetic rats [68] . It has been established that insulin stimulates the incorporation of aminoacids into proteins [67] . Hyperlipidaemia is a recognized as a common complication of diabetes mellitus. A reduction in insulin secretion causes a variety of derangements in metabolic and regulatory mechanisms leading to accumulation of lipids [69] . The improvements in the lipid profile in diabetic animals after treatment with aqueous extracts of flower and root of A. lanata could be beneficial in preventing lipid metabolism [70] . The concentration of lipids, such as cholesterol, TG, LDL-C and VLDL-C were significantly higher in diabetic rats than in the normal control group [71] . The impairment of insulin secretion results in enhanced metabolism of lipids from the adipose tissue to the blood. Further it has been reported that diabetic rats treated with insulin showed normalized the lipid levels [72] . In the present study, alloxan induced diabetic rats found to be produce increased levels of total cholesterol, triglycerides, LDL-C and VLDL-C, which correlates with earlier findings that there is an increase in lipid levels is observed not only in diabetic rats but also in diabetic patients. Emblica officinalis is also reported to produce hypolipidemic effect in cholesterol fed rabbit and Gymnema sylvestre is reported to produce hypolipidemic effect by inhibition of intestinal absorption of fatty acids in rats [73] . Possible mechanism for decrease lipid levels could be either insulin releasing effect of A. lanata or insulin sensitivity activity, because insulin has been proved to inhibit the activity of the hormone sensitive lipases in adipose tissue and suppresses the release of lipids [74] . The most commonly observed lipid abnormalities in diabetes are hypertriglyceridemia and hypercholesterolemia [75] . This might have occurred in the diabetic rats as a result of lack of insulin which activates the lipase enzymes, hydrolyzing the stored TG and releasing large amounts of fatty acids and glycerol in the circulating blood [76] . Treatment with flower and root extracts of A. lanata (200 mg/kg, p.o.) not only lowered the TC, TG, LDL and VLDL levels, but also enhanced the HDL-cholesterol which is known to play an important role in the transport of cholesterol from peripheral cells to the liver by a pathway termed "reverse cholesterol transport," and it may be considered to be a cardio protective lipid [77] . An increase in urea level was observed when there is damage to the kidney or the kidney is not functioning properly. Increment of blood urea level with the increment of blood sugar level clearly indicates that the increased blood sugar level causes damage to the kidney [78] . Diabetic hyperglycaemia increases serum urea and creatinine levels are indicating renal dysfunction and reduced glomerular filtration. Alloxan induced rats produced the free radical mediated compounds, to breakdown of liver and plasma proteins that leads to the accumulation of urea nitrogen and associated with increase in creatinine level in experimental diabetes [79] .
This response is in agreement with other study, in which they reported that the increased levels of urea in alloxan induced diabetic animals [80] . The increase of urea nitrogen in diabetes may be account by enhanced catabolism of both liver and plasma protein that accompany gluconeogenesis. The alloxan induced diabetic rats treated with aqueous extracts of flower and root of A. lanata (200 mg/kg b.w) significantly decreased the levels of urea and creatinine, when compared to diabetic rats. The plant has been established that insulin stimulates the incorporation of aminoacids to protein synthesis and decrease in the levels of negative nitrogen balance [81] .
CONCLUSION
In this study, the antidiabetic effect of aqueous extracts of flower and root of A. lanata on alloxan induced diabetic rats was confirmed. Antidiabetic activity was high in root extract treated rats when compared to flower extract of A. lanata. From this study, we concluded that flower and root extracts of A. lanata has significance hypoglycemic and hypolipidemic effects.
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